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Glass texturing method 

Field of the invention 

The present invention idates bioadljr to a neffaod of tcKturing a g&ss sur&ce, to a 
metliod of manuficturing a photovoltaic device, to a textured ^ sm&ao. and to a 
5 jthotovoltaic device. 

Baci^round of the invontfen 

Teitiiied glass surfkces are useM for a nunAer of appli^ 
devices or jqrpHcations in which it is desired to scatter li^t such that olgeets are no longer 
cLeaily visible threngi) the ^bss. 

1 0 In photovoltaic devices, light trawjing is osed to tr^ li^ in the activa lesicn of the 

device. lUe more Ught is trapped ia the device the higher the ligh^geneiatedphotocqitent, and 
consequently the higher the energy conversion efficiency of fliedeviceL TbaeGne, ligbt trapping 
is an inqwrtant issue ««^en trying to improve the conversion efiBoiency of photovoltaic devices 
and is partioulariy important in thin-fihn devices. Becaiise most photovoltaic devices involve a 

15 8l««Paii^li^liappingintoesedevioescanberealisedbyt«Ktm^ 

Cenveiitionally, chenncal torturing or 8and.bla8tin8 are used fi^ 
Ftothermore. alternative approadies have reeenUy been disclosed for preparing tortored glass 
surW One of those approat&es uses metal raystd dqwslts on a g^ 
fine ciystak and thereby producing the glass texture effect Another appioadi uses a liquid 
20 ™^e<»atingC'sol^ncontainii«SiQ2 spheres flutf, after 
glass sur&ea. 

However, these methods have ^KKific; disadvantages &r photovoltaic device 
^.plications. Chemical texturing and sand hiB^ both causa cracks and non-nnifimn feature 
size on the glass surfaco, v^ch can adven»dy affect photovoltaic device fitaication and/or 
25 P««»nnance (for instance by causmgdectiical shunts in the 
««e of fine metal crystab fi« making a tCDctured glass sur^ 

method. KnaUy, it appears to be diCBcult to scale the soKgal meftod to very large 
<Jimen8ians f' 1 m^ as required Ibr {diotovoltaic panels. 
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m at least prefcned embodimanifi, the inwort 
mefliod of textoriKg a £^ sur&oe wMcb addresses one or mote of these disadvaitases. 
Summary of the Invention 

fa acoofdaiu5e with a first as5,ect of the laesent inveati^ 
texturing a glass siofece. the method con^smg the stc^ 
mataial film, stimulating a reaction at the intafecc be^^ 
lesnltuig in the fonnation of reaction pioducts at the iiua^ 
and the reaction products fiom flie glass surfece. 

In one embodiment, the step of stimulating the leacdoD at ihe intei^ comprises 
themial annealing. The themud amieaKng may be condueled in a eontiolled aniUent 
atmosphere. 

Hie material fifan may comprise a singlematerial or compound material. 

The glass surfece preferably is initiaUy substanthdty flat 

The material fihn in one embodiment con^irises ahnmmum. Ihe 
15 conqirise ahniuniiuii oxide. 

TTie step of removing the material fihn and the reaction products mw oon,^ 
mote etching steps. The etching steps miy comprise a chemical etch. 

The glass may comprise quartz, float glass, ornon-float glass. 

fa accordance ^th a second aspect of the present invenfion there is provided a method 
of mami&eturing a photovoltaic device the method comprises the steps of torturing a glass 
snrfiK* nhTising ameftod as defined m the first aspect, and dqK«rift^ 
fte textured glass surfice. wherry the gla8S-feci„B surface of the semiconductor fifai exhibits 
«*«tantiaUy the same degree of texture as the glass surface. 

Preferably, flie semiconductor fihn is deposited in a mamicr such that substantiaay no 
g>9» or voids east between the textured fijass surfiroe and the Bemi«^^ 

The method may fiwher comprise fimning a dieh«*ric bairie^ 
and the semiconductor. Preferably, the dielectric tayer is fonned on the textured ^ surfece 
pnor to the dqKjsition of the semtamdnctor film. The dielectric barrier hiynr may comprise 
silicon oxide or silicon nitride. 
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Hie semiconduetor film may comprise a ciystalSBB en6/oc an anmipjhoiis semicondactor 
materiaL TbesemicoinditctOTmataialmqrcanqiriMQUo^ 

m aceoidanee with a thnd aspect of the present invention Oece is provided a textared 
glass sorfiee fimned utilising a mediod as defined in Ae fiist aspect 

In accordance widi a fourth aspect of the piesent invention there is provided a 
photovoltaic device tnaoafojtiired utilismg a mcOiod as defined m the second aspect. 
Brief description of flie drawirini^ 

Ptefened embodiments of flie invention wiU now be described, by way of eocample, wifli 
(e&naice to fbe aceonipaiqnbg dramiogs in y^ddi: 

Figures 1 to 4 are schematic dmwhigs ilhistiatmg a meOiod of teacturing the sor&ee of a 
glass pane, embodying the present mvention. 

Figure 5 shows a FIB (focused ion beam) miraoscopical photograph of the top surfi»e of 
a sitieon-ooated textured glass pane^ embodying the present invention. 

Figqre 6 shows a FIB microscopical photf^raph of a diffimwt xegion of the sample of 
15 Pigure 5. 

Figure 7 shows the measured Uiibt toapping properdes of the sample of Figure 5. 
compared wifli prior art samples. 

OotaUed description of the embodiments 

The preferred lanbodiment described provides a method of tcjrturing a gliiss suifiwe 
20 suitableforusetothemanu6cturingofathuh.fihnscmioondudtephotDvoltaicd^ 

Figures 1 to 4 are schematic drawhigs ilhistialing amelhod of tea^^ 
glass pane 10, embodying flie pi^nnt invention. 

fa a first step diown in FSgure 2. the glass pane 10 is coated with an alumi^ 
utilismg, m the example embodiment, tiiermal high-vaeuum evaporafion at about 1 0"* Torr. 

25 Next, the iOcoated glass pane (see Figure 2) is thermally annealed at elevated 

tai««ratare. in exan^le embodim^t m a two-step process with 120mins at SOO-C 
followed by 120mins at «20»C in a nitrogen annosphere. In flu» example embodhnent, flie 
initial ahmiinium coating 1 1 is of a thickness of abotit SOOnm. 
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» has been fcnmd the aRplicantB iluit flie Al 
glass i«ne, fimning muctow 02 m Rgure 3) of 
both the Al film U and the Inaction prodncis 12 limns a 
shown m Figure 4. hi the acanipleenibodhnent, a 2-8tqi chemical eli* 
add at 110^ folkwcd by 30 sees m a inHF/HNQ, sohuion at loom tempemtare) was used to 
nmiove1hen!actionpiodncl8l2andahm»nittmfihnll. It is noted here^ thai, depending on the 
type of removal teehnuiue^ ftr e^tample the type of etdung 8ofaiti<», used, some amount of glass 
Cut has not feaeted with (he coatmg can also he xemoved, if destfed. 

TIB dimples (13 in Figme ^ in the glass pane lesuk fiom the removal of the Al/glass 
leaction products 12. The average size of the dimples can be adjusted over a ^de range (fiom 
less fl«m 1 Mm to up to 10 Mm) by e.g. selecting a suitable thermal annealing profile and/or a 
suitable removal technique fin- the Al/ghBB reaction products 12. Tl»is dimple size is well 
sinted for ttun-fihn photovoltaic applicationa because in those devices rt^ 
Oidmess is typically in the range 0.5 - 3 Mm. 

IS ^'^P^^^d embodiment, fte method textures the glass in such a w^y that fterc ate 

no "oveihanging" r^ons (i e. if the textured ghiss pane of Fig. 4 were illuminated by parallel 
light fiom above, there were no shaded regions withm the dinq>les of the sutfice tmctoio). life 
feature is advantageous for device appKcations, fbr instance if the subsequently formed 

semiconductor fihn everywhere needs to be in intimate contact with the^Ci.ft.aiete^ 
20 no voids or gaps between the glass and the semiconductor fihn). 

Another advantageous feature of tomred glass samples embodying the present 
imrention is that thdrtransmissianfiwlight is onlyveryweaMy reduce 

Figure 5 shows a FIB micmscopical photogr^h of fiie top surftee of a siHcon^ated 
tortured ^ pane firimcated in accordance with the desciibed embodiment The silicon fihn 
25 50 is of polyciystallim, mnure and has a thickness of about 1.5 Mm (i.e.. similar to the 
dmiensions of the texture features). R was created by thcanal amiealing rsolidi,hase 
«>«teffisadon'') of a phumia enhanced diemical vapour deposition (PECVD)^sited 
amorphous silicm, fihn. The striking fixture of the silicon fihn 50 is its cauliflower-like nature 
<»used by the teKtmed gh«« surfi«« [note fliat the aifican fihn has a p 
If fiibocated on a non4e>rtnred {Lb., ptanar) glass pane]. The cauHflowouiike top surfece of the 
silicon fihn is an hidieator forgood light trapphig characteristics. 
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Figure 6 sbows a FIB nddowopieal pJurtosraph of a diflfewrt mgion of Ifae same 
san^le, wheteby additiottaUy a ti«icfa was nutted (uaiog galHum ions) into the sample suifiuse 
to teveal the cmss^onal moperties of both die temxed glass pam» 52 and the polj^ayataffine 
siUcon film 50 sd«eqaeitfly fbmifid on the textured 8^ 
6tep«>Beata2m^ «*^^««n«a»ti«PoIy^i fitoSOiseviryvriMreinintu^ 
Ae t«mned glass surfece and that ihae a,e no voids or gaps betw^ 
silicon film 50. This is advant^us fyr mmy device plications due to issues such as 
adhesion of the semioonductor film to the glass, long-tenn stidnliQf of the device^ etc.. 

Another leatore visible in Figure 6, advantageous for good hght trq>ping in thin-fihn 
I*otovoltaic devices, is the fi«:t that in most regiow. of &e sample the 
semicomhiotor fihn 50 are suffieieafly noiH»aiaUel, leading to the trapping of light due to the 
I*««>«^ Of total itttenttl reflection. Ho^^^ 
^ubstantiany pa«aw, ie if the tenure of the g^ 
M "directly tcansfcncd". resulting in a coneqKmding tex^ 
IS thefila8s52,u8efiaiighttrwi«8dtttacteristicsc»nstm 

The light tnvping can be finther unproved in actual devices by incorporating a back- 
surfece reflector (BSR) (not shown) for naar-inftared photons. The BSR can. for instance, be a 
siivw or ahmiinimtt fihn. The BSR is dther dqn^ited onto the semiconductor fihn 50 C»f the 
sunlight enters the semiconductor through the glass) onto the non-lejctumd glass surfiice Qi 
1> fl»«e«»c<mdu«or-^;oated, textured side ofthe glass feces the ffl^^^ 

Figure 7 shows that excellent fight trappiug is realised in thin micron) 
polycr>stelIinc silicon fihns formed on glass panes tortured aocoidh« i» flu, descnbed 
cmbodhnent The curve 70 labeUed "Al-textored glass- was measnred on the sample of FSigure 
5. Hie plotted parameter is the measured internal Sbsoiption efficiency <tA^ «hich, fi,r each 
wavelength, describes which firaction of those photons that entered the Si fihn is absoAed 
wittun the Si fihn. The higher flie lAE the better flie light trapping. 

Also shown, fin- comparison, is the mcasmed lAE of a I.5-Mm thick poly-Si fihn on a 

Plamar glass pane(curve 74) andonasandWastedgU«spane<curve72).aearly, the 
glass proWdes by fir fl« best li^ trappmg of the dm« im««tlgaled st^ 
samples did not have a back surfiu* mflector (BSR) dming fliese <vti^ 
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fence the lAE of actilia devices (SHI* « ildn^ 
addiiig a suitable BSR. 

II is fiattornotedlhat glass lanes tect^ 
effidertfy scatter liijte m3« tbtt pass thmugb fte 
S Wbcafions outride &fflri«e&rplM«ovoUafc devices.^ 
panes ftr scattadng windows or sneens. 

a win be ^tpm^aied by the person skiUed in the art that numeioiis tnodifications and/or 
variations may be made to the present iiiv«iiion as shoivn in the q,ecific embodhnents without 
departing fiom the spirit or scope of the invention as bmadly described. The present 
0 «*«*«»°teaie,therefiae.tobeconsidere^ 

In the claims that follow and in the sonmiary of the mmtfion. except wheie d» context 
requn«; otherwise due lo eocpiess language or necea^ 

used in the sense of 'inchiding". i.e. Ae featu«s specified amy be associated with further 
features m various canbodimcnts of the invaition. 
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Claims 

1- A method ofteKtaring a glass 8uifiu», the meliiodc^^ 
-coatiiig the fijass surface with a material film^ 

' stimulatnig a reaction at the interfece betweero the glass and the matedal fflm lesaltmg 
in Ihe fimnatioa of reaction products at die inter&ce; and 

-removing the matedal fifan and the zeactjon products from Ibe glass smfioe: 

2. A mefliod as caaimed in claim l,v*erein the step of stimulate 
tfaeintet&ceoogqnjses thexmal aonealing. 

3. A method as claimed in clahn 2, whei^m the themialanaealing is conducted in a 
contiolled ambient atmosphoce. 

4. A method as claimed in any one offtepreccdmg claims, herein tfaematenal 
fOm conqnises a single inaterial or cmiqioDnd mateoaL 

5. AmeflMdasclaunedinaqy ooeoftheprecedmgclaimatTrfieidn the glass 
«u«£ice is initially substantially flat 

6. A method as dahned in any oi» of the preceding clamis.wherem ihemateria} 
£hn conqnises abuiinium. 

7. A method as claimed in daim 6. whecdn the leaction products comprise 
alraniniian oxide and/or silicon. 

8. AmeAodascIahnedinany eneoftbeprocedhigclafans,iii*eremthestq^ 
lemovingfhemaierial fifan and the reaction products comprises one or more etdtOog steps. 

9. AmethDda8cIaimcdfacIami8,whei»m the etching steps con^ a diemical 

etch. 

10. A method as claimed in any one of the preceding claims, wherein the glass 
comprises quarts, float glass, or non-float glass. 

11. A method of mamifecwring a photovoltaic device, the meOiod comptises the 
steps of texturing a glass sur&ce utilising a method as clahned hi any one of the proeeding 
dauns, and depositing a semiconductor fifan on the textured gbss sut&c^ whereby the gbss- 
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fiuring snrfice of flie semicoiutuctar film odnbits snbstanliany the same degree of textme as flie 
&iSS Surface. 

12. A method as dairaed in damn, wherein Aesemicoa^ 

a mamier TOdi &at substantiany no gjqis or voids exist between tt^ 
(be KmicoDdactDr film. 

13- A method as claimed in any one of claims 11 or 12, vvbeiein the n^ 
comprises fonning a dielectric barrier layer between the glass and the senucondnctor. 

14. A medujd as claimed in claim 13, wheidn the didectric layer is formed on ^ 
textured glass sur&ce prior to the deposition of the semiconductor film. 

15. A meifaod as claimed in claims 13 or H wherein the barrier layer comprises 
silicon oxide or silicon nhride. 

16. Anied»dasolaimedinanyoneofclflimslltol5,^eremfliesemicondoctor 
fibn comprises a crystallme and/or an amorphous semiconductor material. 

17. A method as clahned in claim l<^.wheiwn the semiconductor material comprises 

silicon. 

18. A textured glass smftce formed utiUsiDg a method as claimed in any one of 
claims 1 to 10. 

1 9. A photovoltaic device mann&ctnred utilising a method as claimed in aqy one of 
claims 11 to 17. 

20. A method of texturing a glass surfece^substantiaUy as herein described with 
reference to fi» accompanying drawings. 

21. A method of manufacturing a photovoltaic device; substanliaUy as herein 
described with reference to the aecompan(ying drawings. 

22. A textured glass snrfece. sifostantially as herein described with xefeience to the 
accompanying drawings. 

23. A photovoltaic device; substantiany as herein described with refiaence to the 
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Dated ttus 7tii day of April 2003 



Unistarch Limited 
byitsattornq^ 
Freehills Canter Smffli Beadle 



COMS ID No: 8MBM)0208428 Received by IP Australia: Time (H:m) 17:48 Date (Y-M^) 2003-044)7 



004385583v1 




Figures Rgure4 



No: SMBI-00208428 Recelvsd by IP Australia: Time (Hrm) 17>I8 Date (Y^VM) 20034)4-07 



00438S583V1 






ngureS 




Rgiuee 



|8I thIcicneBS = 1,5 lun] 




800 900 1000 

WaveTengtt) [nm] 
Figure 7 



1100 



1200 



COMS iO No: SMBI-00208428 



Received by IP AustraUa: Hme (H:m) 17>«8 Date (Y-M-d) 2003-04-07 



